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(54) Charge pump circuit

(57)  Thereis described a charge pump circuit (1) cir-
cuit comprising an input terminal, an output terminal (5)
connected to an intermediate node (Ni), a ground termi-
nal (4), a first fly capacitor module (21) with a first fly
capacitor (Cfly1) having a first pin (211) and a second
pin (212) and connected to the intermediate node (Ni);
and a second fly capacitor module (22) with a first fly

capacitor (Cfly2) having a first pin (221) and a second
pin (222) and connected to the intermediate node (Ni);
wherein each being adapted to successively charge and
discharge a the first fly capacitor and the second fly ca-
pacitor, respectively, wherein the second pin (212) of the
first fly capacitor module (21) is connected to the first pin
(221) of the second fly capacitor module (22) by a direct
connection.
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Description
BACKGROUND
Technical Field

[0001] The present invention generally relates to
charge pump circuits. Charge pump circuits are voltage
converters that are used in electronic devices such as
mobile phones, mobile computers, personal data com-
puters, audio devices and the like.

[0002] Charge pump circuits are used in power man-
agement circuit in order to replace switched-mode power
supply (SMPS) such as boost converters or other DC/DC
converters which are expensive due to the cost of an
external coil. Thus the same functionality can be
achieved with a charge pump circuit which uses only ex-
ternal capacitors.

Related Art

[0003] Charge pump circuits provide a regulated out-
put voltage from a different input voltage. For instance
the charge pump circuit can be arranged to provide a
continuous voltage of +5V from an input voltage varying
between 3.9V and 2.3V over time. Typical use is when
the input voltage is provided by the battery of a mobile
device. As the battery gets discharged, the voltage out-
putted by the battery diminishes. A charge pump circuit
which can generate a 5V voltage from a 2.3V input volt-
age is, for instance a 3X charge pump circuit that outputs
can achieve 3 times the input voltage. Such a charge
pump circuit may comprise a tank capacitor positioned
at the output of the charge pump which allows outputting
aroughly continuous 5V voltage, averaging the charging
output voltage and the discharging output voltage.
[0004] For some 3X charge pump circuit, the current
is consumed at all times by the charge pump while it
outputs current only one third of the time. Therefore, al-
most two thirds of the current is wasted by the charge
pump circuit’s inherent consumption. The inherent con-
sumption of the charge pump circuit is roughly related to
the multiplication factor between the input voltage and a
maximum output voltage. Adaptable charge pump cir-
cuits are adapted to operate according to different mul-
tiplication factors.

[0005] Some charges pumps used in mobile applica-
tion are adapted to operate with any of three modes: 1X5,
2Xand 3X, in which, respectively, the charge pump circuit
outputs, in a discharging mode, an output voltage worth
one and a half times the input voltage, two times the input
voltage and three times the input voltage. Therefore,
when the input voltage is high, the charge pump circuit
is adapted to operate with an efficient 1X5 mode that
uses only 1.5 times the current outputted. Conversely,
the charge pump circuit is adapted to work in the highly
non-efficient 3X mode only when the input voltage is so
low that no other solution is available.
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[0006] Such charge pump circuits may still be im-
proved to be more efficient, especially with higher multi-
plication factors. There is therefore a need to provide
more efficient charge pump circuits.

SUMMARY

[0007] To address these needs, a first aspect of the
present invention relates to a more concise electrical
structure. The inventors propose a new architecture for
charge pump circuits enabling as much flexibility as
known charge pump circuit architectures while using less
surface area and having a lower internal resistance. The
inventors note that the charge pump circuit may be per-
fected so as to remove at least two switches.

[0008] Further, for charge pump circuits built on a print-
ed circuit board (PCB) and comprising a charge pump
module inside a chip, the capacitors are connected
through to the chip through chip pins. The new architec-
ture advantageously enables to build a charge pump cir-
cuit equivalent to one of the known art while using at least
one less pin chip.

[0009] The chip may be a microchip such as an inte-
grated circuit or a microprocessor or the like. The chip
pins refer to any pin present on a chip to enable a link
between the chip and an outer electric or electronic de-
vice. The chip pins thus refers to "through-holes" pins
that are designed be welded inside holes drilled in the
PCB according to the "thru-hole-technology" or to leads
used in the "surface mount technology" such as short
pins, flat contacts, flat metal tabs or end caps or a matrix
of solder balls arranged in a ball grid array (BGA) that
may be directly welded to the PCB.

[0010] Inoneembodimentofthe presentinvention, the
charge pump, CP, circuit comprises an input arranged
to receive an input voltage Vdd, an output arranged to
output an output voltage Vout and coupled to an inter-
mediate node, a ground terminal arranged to receive a
ground voltage. The CP circuit further comprises a first
fly capacitor module with a first fly capacitor having a first
pin and a second pin and connected to the intermediate
node, and a second fly capacitor module with a second
fly capacitor having a first pin and a second pin and con-
nected to the intermediate node, wherein each fly capac-
itor module is adapted to successively store and dis-
charge the first fly capacitor and the second fly capacitor,
respectively.

[0011] Eventually, the second pin of the first fly capac-
itor is connected to the first pin of the second fly capacitor
by a direct connection, defining a central node. The term
"direct connection" means that the connection is done
by a connection devoid of any switch or any further com-
ponent.

[0012] Thus, the new charge pump circuit architecture
ofthe invention enables a charge pump circuit comprising
at least one switch less than charge pump circuits of the
state of the art with two fly capacitors. Further, in state
of the art multi charge pump circuits, there are usually
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two input connections between the two fly capacitors,
one on each side of a switch comprised between the two
fly capacitors. As the charge pump circuit according to
the invention does not comprise any switch between the
two fly capacitors, one connection to the input is redun-
dant and may be suppressed. Accordingly the new
charge pump circuit architecture of the invention enables
acharge pump circuit comprising atleast two less switch-
es than corresponding charges pumps according to the
state of the art.

[0013] By using one or two fewer switches, the charge
pump circuit of the invention needs less surface area
than other charge pump circuits and the design of the
charge pump circuit is less constrained. First of all, less
surface area is needed for the switches themselves.
Then less surface area is need as no controller needs to
address the removed switches. Those controllers may
be removed. Thus, the design of the charge pump circuit
needs to take into account two less switches, less con-
trollers and fewer connections from controllers to switch-
es.

[0014] In some embodiments of the invention the
charge pump circuit is further arranged so that a filter is
positioned between the intermediate node and the out-
put, comprising at least a tank capacitor module. In such
a way, as the charge pump circuit switches between
charging and discharging configurations a filter may out-
put, to aload that demands a tension, a sensibly constant
output tension. Charges coming from the charge pump
circuit may be stored into the tank capacitor, or directly
transferred to a load, when the charge pump circuit is in
a discharging configuration. Further, when the charge
pump circuitis in a charging configuration, charge stored
into the tank capacitor may be transferred to the load.
[0015] The filter may be of the RC type or of the RLC
type if an inductor is added between the intermediate
node and the tank capacitor.

[0016] Further, the CP circuit of the invention may be
arranged to selectively operate according to either one
of three alternative operating modes, a 1X5 mode, a 2X
mode, a 3X mode, each mode enabling the CP circuit to
output, at least a discharging phase, an output voltage
which is 1,5, 2 or 3 times the input voltage respectively.
Few architectures are know that enables a charge pump
circuit comprising two fly capacitor, or at least only two
fly capacitor modules to be sufficiently versatile so as to
be able to output an output voltage with three different
multipliers. The new charge pump circuit architecture of
the invention enables a further way to form a multi charge
pump circuit while further simplifying the design and en-
abling gains in surface area and reducing design con-
straints.

[0017] In further embodiments, the central node is fur-
ther connected to any of the input terminal of the CP
circuit, the ground terminal and the intermediate node
through respective switches.

[0018] In further embodiments, the first pin of the first
fly capacitor module is connected to the input of the CP
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circuit and to the intermediate node through respective
switches. Further, the second pin of the second fly ca-
pacitor module is advantageously connected to the input
of the CP circuit and to the ground terminal through re-
spective switches.

[0019] These connections allows for the charge pump
circuit of the invention to be prepared according to mul-
tiples configurations by means of closing or opening se-
lectively the different switches. Some of those configu-
rations may connect one or more capacitor between the
input and the ground whereas some other configurations
may connect one or more capacitors to the intermediate
node. The multiples configurations may be alternated by
groups of two, three or more, defining operating modes
of the charge pump circuit.

[0020] The CP circuit may comprise a charge pump
module in a chip, such as a microchip or a processor or
the like. The fly capacitors are external to the chip and
are connected to the charge pump module through chip
pins. The charge pump module connects the input ter-
minal and the ground terminal to both fly capacitors. Ac-
cording to this embodiment of the invention, the second
pin of the first fly capacitor and the first pin of the second
fly capacitors are connected to the chip through one and
the same chip pin, called common chip pin.

[0021] The switches inside the charge pump module
are advantageously transistors. Therefore, each switch
has a non-negligible resistance, even as it lets current
flow through it. The new charge pump circuit architecture
of the invention enables a charge pump circuit with less
resistance between the two capacitor modules. Thus, the
charge pump circuit has an inherent consumption re-
duced compared to a charge pump circuit which com-
prises a transistor switch between the two capacitor mod-
ules. Further, as the two fly capacitors share a chip pin,
design constraints on the chip are relaxed, the charge
pump module needing one less chip pin.

[0022] Further, chip interconnects and chip pins have
a relatively high resistance compared to a connection
from a fly capacitor to the chip pin. As the two fly capac-
itors share the chip pin, current may flow from one fly
capacitor to the other fly capacitor without needing to
pass through the chip pin, nor needing to pass inside the
chip between. Therefore, by the resistance between the
two fly capacitors is greatly reduced in a charge pump
circuit according to the invention.

[0023] The CP circuit may be assembled on a printed
circuit board (PCB). In such case, the fly capacitors and
the chip are positioned on the PCB. Thus, connections
between the two fly capacitors have a low resistance.
[0024] According to an embodiment, the second pin of
the first fly capacitor and the first pin of the second fly
capacitors may be welded on a same conductive pad of
the PCB, linked to a common conductive trace which is
welded to the common chip pin. According to an alterna-
tive embodiment, the second pin of the first fly capacitor
and the first pin of the second fly capacitors may be weld-
ed on two different conductive pads of the PCB, linked
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to a common conductive trace which is welded to the
common chip pin. Thus, the capacitor modules may be
positioned as needed on the PCB, regarding design con-
straint, without the connection between the two capacitor
modules imposing a strain on design.

[0025] The CP circuitmay comprise a controller to con-
trol the switches. If the CP circuit comprises a charge
pump module, the controller is advantageously inside the
chip. As the new architecture of the invention allows for
a charge pump circuit with two less switches, it enables
a simpler controller than in state of the art charge pumps.
[0026] Further, the controller may enable the CP circuit
to operate by switching successively, in atleast two phas-
es, between atleast two configuration with a given switch-
ing frequency and a given duty cycle.

[0027] Further, the controller may enable the CP circuit
to operate by switching successively, in at least three
phases, between at least three configuration with a given
switching frequency and a given duty cycle.

[0028] Further, the controller of the CP circuit may be
adapted to control the operation of the CP circuit accord-
ing to one out of the at least three alternative operating
modes cited above. The controller then controls the op-
eration of the CP circuit by controlling successive open-
ings and closings of the switches according to patterns
linked to the operating mode envisioned.

[0029] The CP circuitis preferably arranged to operate
by switching successively, with a given switching fre-
quency and a given duty cycle, between at least:

a) one configuration for charging at least one fly ca-
pacitor module, connected to the input terminal
through its first pin, and

b) one configuration for discharging said fly capacitor
module, said pin being connected to the intermediate
node, the input terminal being connected to the sec-
ond pin of the capacitor module.

[0030] Those two configurations alone enable the CP
circuit to operate according to the 2X mode.

[0031] Further, the CP circuit may be arranged to op-
erate by switching successively between three configu-
rations according to a pattern. Two of the three configu-
rations are close the two configurations aforementioned.
The three configurations may comprise at least:

a1l) one configuration for charging the first fly capac-
itor module, connected to the input terminal through
its first pin, the input terminal being further connected
to the intermediate node, and connected to the
ground terminal through its second pin, and

a2) one configuration for charging the second fly ca-
pacitor module, directly connected to the input ter-
minal through its first pin, and to the ground terminal
through its second pin, and
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b) one configuration for discharging both fly capacitor
modules in series. The second pin of the second fly
capacitor module is then advantageously connected
to the input terminal. The first pin of the first fly ca-
pacitor module is advantageously connected to the
intermediate node. Further, the CP circuit operates
according to said configuration after operating suc-
cessively into both a1) and a2) configurations in any
order.

[0032] The aforementioned succession of configura-
tions enables the charge pump circuit to operate accord-
ing to a 3X mode, outputting an output voltage of three
times the input voltage while the charge pump circuit is
in the configuration for discharging b).

[0033] Further, the CP circuit may be arranged to op-
erate alternately by switching successively between
three other configurations, according to another pattern.
The three configurations may comprise:

a) one configuration for charging both fly capacitor
modules in series. Thefirst pin of the first fly capacitor
module is then advantageously connected to the in-
put terminal. The second pin of the second fly ca-
pacitor module is then advantageously connected to
the ground terminal. Eventually, the input terminal is
further connected to the intermediate node.

[0034] The three configurations comprise further, in
any order:

b1) one configuration for discharging the first fly ca-
pacitor module, its first pin being connected to the
intermediate node, and its second pin being connect-
ed to the input terminal, and

b2) one configuration for discharging the second fly
capacitor module, its second pin being connected to
the input terminal and its first pin being connected
to the intermediate node.

[0035] The aforementioned succession of configura-
tions enables the charge pump circuit to operate accord-
ing to a 1X5 mode, outputting an output voltage of one
point five times the input voltage as the charge pump
circuit is in the configuration b1) for discharging and as
it is in the configuration b2) for discharging.

[0036] A secondaspectofthe presentinventionrelates
to a chip comprising a charge pump module, enabling to
form a CP circuit of the invention by connection with two
fly capacitor modules which may be external modules.
The chip preferably comprises at least:

- a chip pin designed to be connected to a supply
source with an input voltage,

a chip pin for enabling a connection to a ground ter-
minal.
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[0037] The charge pump module is further connected
to four more chip pins of the chip:

- one chip pin for outputting an output voltage from
the CP circuit,

- threechip pinsarranged to connecttwo fly capacitors
modules, by both of their pins to the chip, wherein
one common chip pin being adapted for connecting
to one pin of both capacitor modules.

[0038] A third aspect of the present invention relates
to a printed circuit board, PCB, comprising at least a re-
ception slot for a chip aforementioned. Further, the PCB
comprises three conductive traces, each terminated by
a different conductive pad designed to be welded to three
different chip pin of the chip respectively. The three con-
ductive traces being designed so that:

- one trace connects one pin of a capacitor module to
the conductive pad designed for a first chip pin,

- one further trace connects one pin of another capac-
itor module to the conductive pad designed for a sec-
ond chip pin, and further,

- one trace connects a second pin of both capacitor
modules together and further to the conductive pad
designed for a third chip pin, each capacitor module
comprising at least one capacitor. The capacitor
modules may be present on the PCB or not. The
capacitor modules may comprise further compo-
nents, e.g. multiples capacitors in parallel and/or in
series, or even other passive components. Prefer-
entially, the capacitor modules only have two exter-
nal connections for connecting the component(s) of
the capacitor module to other elements on the PCB.
Each one of the two external connections is connect-
ed to one of the three conductive trace mentioned
above.

[0039] In acharge pump circuit according to the inven-
tion the switches may be power MOS transistors. If the
invention is applied to a charge pump circuit using power
MQOS, the invention allows for even more gains. Indeed,
the power MOS, or any other kind of transistor induce a
non-negligible resistance even when closed and allowing
current to pass through them. Thus, as the new architec-
ture of the invention enables a connection between the
two fly capacitors devoid of any switches, the resistance
between the two capacitors is reduced compared to a
charge pump circuit designed as known before. Further,
power MOS transistors are generally present inside a
purpose-built module of a chip. Therefore, the new
charge pump circuit architecture enables a charge pump
module needing less transistors and less interconnects
inside the chip than a state of the art charge pump. Fur-
ther, due to the need for fewer transistors, a charge pump
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module according to the invention needs a reduced sur-
face areainside the chip and therefore its design involves
reduced design strains.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Embodiments of the presentinvention are illus-
trated by way of example, and not by way of limitation,
in the figures of the accompanying drawings, in which
like reference numerals refer to similar elements and in
which:

- Figure 1is aschematic view of a charge pump circuit,
comprising a chip,

- Figure 2 to 5 are electrical schematic diagram of a
charge pump circuit illustrating operating modes,

- Figure 6 is a schematic view of a charge pump circuit
comprising a chip in one embodiment of the inven-
tion,

- Figure 7 to 10 are electrical schematic diagram of a
charge pump circuit according to embodiments of
the invention, illustrating operating modes,

- Figures 11 A to 11 C are schematic view in block
diagramiillustrating a PCB according to the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0041] A multi mode charge pump circuit is described
in relation with Fig.1. Typically, the charge pump circuit
comprises a charge pump module 2 ina chip 3 and further
external capacitors Cfly1, Cfly2, Ctank. The chip 3 may
comprise other modules, designed to perform some op-
erations unrelated to voltage supply. The charge pump
circuit 1 comprises an input VDD and a ground connec-
tion 4 to connect the charge pump circuit 1 and the chip
3 to the ground. Two of the external capacitors are fly
capacitors Cfly1, Cfly2 used as storage units to store a
charge during a charging phase and to discharge the
accumulated load during a discharging phase. Eventu-
ally, the third capacitor is a tank capacitor Ctank arranged
to average the output of the charge pump circuit. The
tank capacitor is connected by one pin on the output of
the chip which is the output of the charge pump circuit
and by a second pin to the ground.

[0042] The three capacitors are connected to the chip
through a circuit board to which they are welded.
[0043] Further to the structural aspect of a charge
pump circuit, a simplified electrical diagram of such a
charge pump circuit is presented in relation with figure 2.
[0044] A multi mode charge pump circuit 1 may com-
prise two fly capacitor modules 21 and 22. The capacitor
modules may comprise at least one capacitor, respec-
tively Cfly1 and Cfly2, and other components, such as
resistances ESR. These resistances may correspond to
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the intrinsic resistance of conducting lines connecting the
capacitors to other parts of the charge pump circuit.
[0045] Each of the fly capacitor modules 21 and 22 has
a first pin, 211 and 221 respectively, and a second pin,
212 and 222 respectively.

[0046] On such acharge pump circuit, the first pin 211
of the first fly capacitor module 21 is connected to the
input VVdd through a first switch S1, and through a second
switch S2 to an intermediate node Ni and through the
intermediate node Ni, to the output.

[0047] The second pin 212 is connected by a third
switch S3 to the input Vdd, by a fourth switch S4 to the
ground. The four aforementioned switches are arranged
to control the first fly capacitor Cfly1 and form with it a
first fly assembly 210.

[0048] Thesecond pin 212 ofthefirstfly capacitor mod-
ule 21 is further connected by a fifth switch S5 to the first
pin 221 of the second fly capacitor module 22. The fifth
switch S5 allows for connecting and disconnecting the
first fly assembly to a second fly assembly 220.

[0049] Further, the first pin 221 of the second fly ca-
pacitor module 22 is coupled through a sixth pin S6 to
the input Vdd and through a seventh pin S7 to the inter-
mediate node Ni.

[0050] Further, the second pin 222 of the second fly
capacitor module 22 is coupled through an eighth pin S8
to the input Vdd and through a ninth pin S9 to the ground.
[0051] The sixth to ninth pins S6-S9 allow controlling
the second fly capacitor Cfly2. The second fly assembly
220 comprises both the second fly capacitor Cfly2 and
said sixth to ninth pins S6-S9.

[0052] Atthe output, the charge pump circuit may com-
prise further external components to average the output-
ted voltage, such as the tank capacitor module 23 com-
prising a tank capacitor Ctank.

[0053] The charge pump circuit described above and
illustrated by the circuit diagram of Fig. 2 is arranged to
output, from a given input voltage Vdd, an output voltage
corresponding to the input voltage multiplied by a factor
of 1.5, 2 or 3.

[0054] The number of connections to the input, the
ground and the intermediate node, and the switches ther-
eon are necessary to allow the flexibility in multiplier fac-
tor.

[0055] Asanillustration, the three operating modes are
described respectively with Fig. 3 to Fig.5

[0056] Fig.3illustrates a charge pump circuitoperating
so as to output a voltage with a 3X multiplication factor.
[0057] Such anoperating mode comprises three phas-
es: two charging phases during which the charge pump
circuit is configured so as to charge only one capacitor
module by phase, and one discharging phase during
which both capacitor modules are discharged in additive
mode with the input voltage.

[0058] A first charging phase is illustrated by the first
load current 113. Switches S2, S3 and the fifth to ninth
switches S5-S9 are opened and the first and fourth
switches S1, S4 are closed. Thus the first fly capacitor
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module 21 is connected between the input Vdd and the
ground, the first pin 211 being connected to the input. A
first charge is stored into the first fly capacitor Cfly1. The
input transmits to the CP circuit a first load current 113
that is not transmitted to the output, but sunk to ground.
[0059] In a second charging phase, switches S7, S8
and the first to fifth switches S1-S5 are opened and the
sixth and ninth switches S6, S9 are closed. Thus the sec-
ond fly capacitor module 22 is connected between the
input Vdd and the ground, the first pin 221 being con-
nected to the input. A second charge is stored into the
second fly capacitor Cfly2. The input transmits to the CP
circuit a second load current 123 that is not transmitted
to the output, but sunk to ground.

[0060] Then in a discharging phase, switches S1, S3,
S4, S6, S7, S9 are opened and the second, fifth and
eighth switches S2, S5, S8 are closed. Thus, the first fly
capacitor module 21 and the second fly capacitor module
22 are connected in series between the input Vdd and
the intermediate node Ni. Further, the first pins 211, 221,
which were connected to the input during the charging
phases, are coupled to the intermediate node. In this way,
the first and second charges stored in the two fly capac-
itors are added to the input voltage. The output voltage
of the discharging phase is thus three times the input
voltage. The input can transmit to the CP circuit an output
load current 133 that is transmitted to the output to be
used by a load.

[0061] Therefore the charge pump circuit consumes
three load currents 113, 123, 133 while being able to out-
put the output load current 133 only, thus during only one
phase out of three.

[0062] Fig. 4illustrates acharge pump circuitoperating
so as to output a voltage with a 2X multiplication factor.
[0063] Suchanoperatingmode comprises two phases
and only involves the first fly capacitor module 21.
[0064] A charging phase is illustrated by the first load
current [14. Switches S2, S3 and the fourth to ninth
switches S4-S9 are opened and the first and fourth
switches S1, S4 are closed. Thus the first fly capacitor
module 21 is connected between the input Vdd and the
ground, the first pin 211 being connected to the input. A
first charge is stored into the first fly capacitor Cfly1. The
input transmits to the CP circuit a first load current 114
that is not transmitted to the output, but sunk to ground.
[0065] Theninadischarging phase, switch S1 and the
fourth to ninth switches S4-S9 are opened and the sec-
ond and third switches S2, S3 are closed. Thus, the first
fly capacitor module 21 is connected between the input
Vdd and the intermediate node Ni in a reverse way as
that of the charging phase. Accordingly, the first pin 211,
which was connected to the input during the charging
phase, is connected to the intermediate node. In this way,
the first charge accumulated in the fly capacitor is added
to the input voltage. The output voltage of the discharging
phase is thus two times the input voltage. The input can
transmit to the CP circuit an output load current 124 that
is transmitted to the output to be used by a load.
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[0066] Therefore the charge pump circuit consumes
two load currents 114, 124 while being able to output the
output load current 124 only, during one phase out of two.
The inherent consumption of the charge pump circuit in
the 2X mode is therefore less than in the 3X mode.
[0067] Fig.5illustrates acharge pump circuitoperating
so as to output a voltage with a 1X5 multiplication factor.
[0068] Such anoperating mode comprises three phas-
es: a charging phase during which the charge pump cir-
cuit is configured to charge both capacitor modules in
series, and two discharging phases during which one of
the two capacitor modules is discharged in additive mode
with the input voltage.

[0069] A charging phase is illustrated by the first load
current 115. Switches S2, S3, S4, S6, S7, S9 are opened
and the first, fifth and eighth switches S1, S5, S8 are
closed. Thus the first fly capacitor module 21 and the
second fly capacitor module 22 are connected in series
between the input Vdd and the ground GND. The first
pins 211, 221 are connected to the input. A first half
charge is stored into the each fly capacitor Cfly1, Cfly2.
The input transmits to the CP circuit a first load current
115 that is not transmitted to the output, but sunk to
ground.

[0070] Thenin afirstdischarging phase, switch S1 and
the fourth to ninth switches S4-S9 are opened and the
second and third switches S2, S3 are closed. Thus, the
first fly capacitor module 21 is connected between the
input Vdd and the intermediate node Ni in a reverse way
as that of the charging phase. Accordingly, the first pin
211, which was connected to the input during the charg-
ing phase, is connected to the intermediate node. Thus,
the first half charge stored in the first fly capacitor Clfy1
is added to the input voltage. The output voltage of the
first discharging phase has thus a value equal to one and
a half times the input voltage value. The input can trans-
mit to the CP circuit a first output load current 125 that is
transmitted to the output and may be used by a load.
[0071] Then in a second discharging phase, the first
to sixth switches S1-S6 and the ninth switch S9 are
opened and the seventh and eighth switches S7, S8 are
closed. Thus, the second fly capacitor module 22 is con-
nected between the input Vdd and the intermediate node
Ni in a reverse way as that of the charging phase. Ac-
cordingly, the first pin 221, which was connected to the
input during the charging phase, is connected to the in-
termediate node. In this way, the second half charge
stored in the second fly capacitor Cfly2 is added to the
input voltage. The output voltage of the second discharg-
ing phase is thus equal to one and a half times the input
voltage. The input can transmit to the CP circuit a second
output load current 135 that is transmitted to the output
and may be used by a load.

[0072] Therefore the charge pump circuit consumes
three load currents 115, 125, 135 and is able to output out-
put load currents 125, 135 during two phases out of three.
The inherent consumption of the charge pump circuit in
the 1X5 mode is therefore less than in the 3X mode and
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the 2X mode.

[0073] However, as stated above, such charge pump
circuits may still be improved regarding their current con-
sumption.

[0074] A general principle of the invention is described
with regard to Fig. 6. Typically, the charge pump circuit
1 comprises a charge pump module 2 in a chip 3 and
external capacitors Cfly1, Cfly2, Ctank. The chip 3 may
comprise other modules, designed to perform some op-
erations unrelated to voltage supply. The charge pump
circuit 1 comprises an input Vdd and a ground connection
4 to connect the charge pump circuit 1 and the chip 3 to
the ground. Two of the external capacitors are a first fly
capacitor Cflyl and a second fly capacitor Cfly2, used
as storage units for storing a charge during a charging
mode and to discharge the accumulated load during a
discharging mode. Eventually, the third capacitor is a
tank capacitor Ctank, arranged to average the output of
the charge pump circuit. The tank capacitor is connected
by one pin H1 to both an output 5 of the charge pump
circuit 1 and an output 6 of the chip 3 and by a second
pin H2 to the ground.

[0075] The three capacitors Cfly1, Cfly2, Ctank are
connected to the chip through a circuit board to which
they are welded.

[0076] In the charge pump circuit illustrated in Fig. 1,
there are four chip pins devoted to connections to the
two fly capacitors, each chip pin being connected to only
one capacitor.

[0077] Conversely, in the embodiment of the invention
illustrated in Fig. 6, the two fly capacitors Cfly1 and Cfly2
are connected to the chip 3 through only three chip pins
B1, B2, B3. Accordingly, the two fly capacitor Cfly1 and
Cfly2 share one of the chip pins B2.

[0078] The first fly capacitor Cfly1 has a first pin 211
and a second pin 212. The second fly capacitor Cfly1
has a first pin 221 and a second pin 222. In particular,
according to the invention, the second pin 212 of the first
fly capacitor Cfly1 is connected to the chip 3 through the
same chip pin B2 as the first pin 221 of the second fly
capacitor Cfly2.

[0079] In an exemplary embodiment of the invention,
the two pins may be welded together with the chip pin
B2. Alternatively, the two pins 212, 221 may be welded
to a connector, called central node Nc thereafter, which
is welded with the chip pin B2.

[0080] If the chip 3 and the capacitors Ctank, Cfly1,
Cfly2 are present on a printed circuit board (PCB), the
two pins 212, 221 may be welded on two different con-
ductive pads. The central node is therefore advanta-
geously a common conductive trace linked to the two
conductive pads. Said common conductive trace is fur-
ther welded to the common chip pin B2. Alternatively, the
two pins 212, 221 may be welded on a common conduc-
tive pad on the PCB.

[0081] One advantage of the invention is therefore to
allow a multi-mode charge pump circuit which needs one
less chip pin from the chip to operate. A chip pin has a
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resistance that is relatively important. Further, the chip
pin is linked to the chip and to the PCB by solder con-
nections. The chip pin and the solder connections in-
crease the resistance imposed to a current flowing
through the chip pin. As the invention allows for a charge
pump circuit 1 with one less chip pin, the charge pump
circuit has a global resistance that is reduced compared
to known devices. Therefore, the resistance power dis-
sipation of the charge pump circuit is reduced compared
to the state of the art.

[0082] Further, Fig. 7 to 10 illustrate an embodiment
of a charge pump circuit according to the invention op-
erating according to different operating modes.

[0083] A multi mode charge pump circuit of the inven-
tion 1 comprises two fly capacitor modules 21, 22. The
fly capacitor modules may each comprise at least one fly
capacitor, Cfly1 and Cfly2 respectively, and other com-
ponents, such as resistances ESR. These resistances
may correspond to the intrinsic resistance of conductive
lines connecting the capacitors to other parts of the
charge pump circuit.

[0084] Each of the fly capacitor modules 21 and 22 has
a first pin, 211 and 221 respectively, and a second pin,
212 and 222 respectively.

[0085] On such acharge pump circuit, the first pin 211
of the first fly capacitor module 21 is connected to the
input VVdd through a first switch T1, and through a second
switch T2 to an intermediate node Ni and through the
intermediate node Ni to the output.

[0086] The second pin 212 is directly connected to a
central node Nc, by a connection devoid of switches. The
central node is connected by a third switch T3 to the input
Vdd and by a fourth switch T4 to the ground.

[0087] The central node Nc is further directly connect-
ed to the first pin 221 of the second fly capacitor module
22, by a connection devoid of switches.

[0088] Further, the central node Nc is connected
through a fifth switch T5 to the intermediate node Ni.
[0089] Further, the second pin 222 of the second fly
capacitor module 22 is connected T6 to the ground ter-
minal GND through a sixth switch, and to the input ter-
minal Vdd through a seventh switch T7.

[0090] Atthe output, the charge pump circuit may com-
prise further external components to average the output-
ted voltage, such as a tank capacitor module 23 com-
prising a tank capacitor Ctank positioned in parallel with
the charge pump circuit.

[0091] The charge pump circuit described above and
illustrated by the circuit diagram of Fig. 7 is arranged to
selectively output, from an input voltage, an output volt-
age corresponding to the input voltage multiplied by any
of a 1.5, 2 or 3 factor.

[0092] As will be described thereafter, the number of
connections and of switches thereon is sufficient to allow
the charge pump module to operate according to the
three aforementioned multipliermodes. Accordingly, with
only seven switches, the charge pump circuit 1 of the
invention has an identical flexibility as charge pump cir-
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cuits that use up to nine switches.

[0093] The switches each have aninnate consumption
to switch from an open position to a closed position and
vice-versa.

[0094] Further, if the charge pump module comprises
a charge-pump module in a chip, such as a microchip,
the switches are comprised in it and are generally tran-
sistors. Such transistors have an inherent resistivity.
Therefore, a multi charge pump module of the invention,
with two less switches than some other charges pumps,
has less intrinsic resistivity.

[0095] Further, actuating switches involves controllers
and connections to connect the controllers to the switch-
es. Such controllers and connections impose complica-
tions of designs rules for the charge pump circuit. In par-
ticular the controllers and connections occupy surface
area, either on the PCB or in the chip. Furthermore, the
switches themselves represent a non-negligible area.
Therefore, multi charge pump circuit of the invention may
be designed with less surface strain as it uses two less
switches than the state of the art. Firstly, less surface is
needed for the switches themselves. Secondly, less con-
troller and connections are needed. Therefore, the inven-
tion allows for relaxing design strains for the charge pump
circuit. Moreover, intrinsic consumption is reduced due
to lower switching losses.

[0096] Fig. 8illustrates a charge pump circuit operating
so as to output a voltage with a 3X multiplication factor.
[0097] Suchan operatingmode comprises three phas-
es: two charging phases during which the charge pump
circuit is configured so as to charge only one capacitor
module, and one discharging phase during which both
capacitor modules are discharged in additive mode with
the input voltage.

[0098] A first charging phase is illustrated by the first
load current 118. Switches T2, T3 and the fifth to seventh
switches T5-T7 are opened and the first and fourth
switches T1, T4 are closed. Thus the first fly capacitor
module 21 is connected between the input Vdd and the
ground GND. The first pin 211 is connected to the input
and the second pin 212 is connected to the ground
through the central node. A first charge is stored into the
first fly capacitor Cfly1. The input transmits to the CP
circuit a first load current 118 that is not transmitted to the
output but sunk to ground. Further, as the sixth and sev-
enth switches T6, T7 are opened, the second fly capacitor
module 22 is neither charged nor discharged during the
first charging phase.

[0099] In a second charging phase, switches T1, T2,
T4,T5,and T7 are opened and the third and sixth switch-
es T3, T6 are closed. Thus the second fly capacitor mod-
ule 22 is connected between the input Vdd, and the
ground. Thefirstpin 221 is connected to the input through
the central node Nc. A second charge is stored into the
second fly capacitor Cfly2. The input transmits to the CP
circuit a second load current 128 that is not transmitted
to the output but sunk to ground.

[0100] Then in a discharging phase, switches T1, T3,



15 EP 2 587 648 A1 16

T4, T5, and T6 are opened and the second and seventh
switches T2, T7 are closed. Thus, the first fly capacitor
module 21 and the second fly capacitor module 22 are
connected in series between the input Vdd and the inter-
mediate node Ni. Further, the first pins 211, 221, which
were connected to the input during the charging phases,
are connected to the intermediate node Ni. Accordingly
the first and second charges stored in the two fly capac-
itors are both added to the input voltage. The output volt-
age during the discharging phase is thus three times that
of the input voltage. The input can transmit to the CP
circuit an output load current 138 that is transmitted to the
output to be used by a load.

[0101] The output load current 138 flows from the sec-
ond fly capacitor module 22 to the first fly capacitor mod-
ule 21 without passing through any switches.

[0102] Further, if the charge pump circuit comprises a
charge pump module inside a chip, the second pin 212
of the first fly capacitor module 21 and the first pin 221
of the second fly capacitor module may be connected to
each other by further means than a direct connection to
a common chip pin. Indeed, a common conductive pad,
or at least a common conductive trace may connect di-
rectly the two aforementioned capacitor pins together. In
such a case, the output load current 138 flows between
the two fly capacitor modules without passing through
any chip pin.

[0103] The charge pump circuitassembly according to
the invention enables important reduction in resistivity in
the discharging phase of the 3X operating mode. Indeed,
the output load current 138 may flow between the two fly
capacitors modules while encountering one less switch
and two less chip pins than in the charge pump circuit
illustrated with regard to Fig. 1 to 3.

[0104] Fig. 9illustrates a charge pump module accord-
ing to an embodiment of the invention operating so as to
output a voltage with a 2X multiplication factor.

[0105] The exemplary operating mode comprises two
phases and only involves the first fly capacitor module 21.
[0106] A charging phase is illustrated by the flow of a
first load current 119. The second and third switches T2
and T3 as well as the fifth to seventh switches T5-T7 are
opened, and the first and fourth switches T1 and T4 are
closed. Thus thefirstfly capacitormodule 21 is connected
between the input Vdd and the ground. The first pin 211
is connected to the input. A first charge is stored into the
first fly capacitor Cfly1. The input transmits to the CP
circuit a first load current 119 that is not transmitted to the
output but sunk to ground.

[0107] Theninadischarging phase, first switch T1 and
the fourth to seventh switches T4-T7 are opened, and
the second and third switches T2 and T3 are closed.
Thus, the first fly capacitor module 21 is connected be-
tween the input Vdd and the intermediate node Ni in a
reverse way as that of the charging phase. Accordingly,
the first pin 211, which was connected to the input during
the charging phase, is connected to the intermediate
node Ni. Thus the first charge accumulated in the fly ca-
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pacitor is added to the input voltage. The output voltage
during the discharging phase is thus two times that of the
input voltage. The input can transmit to the CP circuit an
output load current 129 that is transmitted to the output
and may be used by a load.

[0108] In this operating mode, the charge pump circuit
consumes two load currents 119, 1249 while being able
to output an output load current 129 during one phase out
of two. The inherent consumption of the charge pump
circuit in the 2X mode is therefore less than in the 3X
mode.

[0109] Fig. 10 illustrates a charge pump module ac-
cording to an embodiment of the invention operating so
as to output a voltage with a 1X5 multiplication factor.
[0110] Suchanoperatingmode comprises three phas-
es: a charging phase during which the charge pump cir-
cuit is configured to charge both fly capacitor modules in
series, and two discharging phases during which one of
the two capacitor modules is discharged in additive mode
with the input voltage.

[0111] The charging phase is illustrated by the flow of
afirst load current 1110. Switches T2, T3, T4, T5,and T7
are opened and the first and sixth switches T1, T6 are
closed. Thus the first fly capacitor module 21 and the
second fly capacitor module 22 are connected in series
between the input Vdd and the ground. The first pins 211,
221 are coupled to the input. A first half charge is stored
into the each fly capacitor Cffy1, Cfly2. The input trans-
mits to the CP circuit a first load current 1110 that is not
transmitted to the output but sunk to ground.

[0112] The firstload current 1110 flows from the first fly
capacitor module 21 to the second fly capacitor module
22 without passing through any switch.

[0113] Further, if the charge pump circuit comprises a
charge pump module in a chip, the second pin 212 of the
first fly capacitor module 21 and the first pin 221 of the
second fly capacitor module may be connected to each
other by other means than a direct connection to a com-
mon chip pin. Indeed, a common conductive pad, or a
common conductive trace on the PCB may connect di-
rectly the two aforementioned capacitor pins together. In
such a case, the firstload current 1110 flows between the
two fly capacitor modules without passing through any
chip pin.

[0114] Therefore, the charge pump circuit assembly
according to the invention enables important gains in re-
sistivity during the charging phase of the 1X5 operating
mode. Indeed, the first load current 1110 may flow be-
tween the two fly capacitors modules while encountering
one less switch and two less chip pins than in former
charge pump circuits. Therefore, the first load current
1110 used to charge the two fly capacitor modules may
be smaller than in a state of the art charge pump circuit
while providing an identical half charge to each fly ca-
pacitor Cfly1, Cfly 2.

[0115] Thenin afirstdischarging phase, switch T1 and
the fourth to seventh switches T4-T7 are opened and the
second and third switches T2, T3 are closed. Thus, the
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first fly capacitor module 21 is connected between the
input Vdd and the intermediate node Ni in a reverse way
as that of the charging phase. The first fly capacitor mod-
ule 21 is connected to the input Vdd through the central
node Nc. Accordingly, the first pin 211, which was con-
nected to the input in the charging phase, is connected
to theintermediate node. Thus, thefirst half charge stored
in the first fly capacitor Cfly1 is added to the input voltage.
The output voltage during the first discharging phase is
thus equal to one and a half times the input voltage. The
input can transmit to the CP circuit a first output load
current 1210 that is transmitted to the output and may be
used by a load.

[0116] Then in a second discharging phase, the first
to fourth switches T1-T4 and the sixth switch T6 are
opened and the fifth and seventh switches T5, T7 are
closed. Thus, the second fly capacitor module 22 is con-
nected between the input Vdd and the intermediate node
Niin areverse way as that of the charging phase. Further,
second fly capacitor module 21 is connected to the inter-
mediate node N1 through the central node Nc. Accord-
ingly, the first pin 221, which was connected to the input
in the charging phase, is connected to the intermediate
node. Thus, the second half charge stored in the second
fly capacitor Cfly2 is added to the input voltage. The out-
put voltage during the second discharging phase is thus
equal to one and a half times the input voltage. The input
cantransmitto the CP circuita second outputload current
1310 that is transmitted to the output and may be used
by a load.

[0117] The charge pump circuit consumes three load
currents 1110, 1210, 1310 while being able to output an
output load current 1210, 1310 during two phases out of
three. The inherent consumption of the charge pump cir-
cuit in the 1X5 mode is therefore less than in both the 3X
mode and the 2X mode.

[0118] Further, the current consummated by the
charge pump circuit during the charging mode the two
half charges is less than in other charge pump circuits.
Therefore, the inherent consumption of the charge pump
circuit of the invention is smaller, in 1X5 mode, than in
another charge pump circuit.

[0119] The person skilled in the art would easily un-
derstand that in the 3X operating mode the first charging
phase and second charging phase may be inverted, and
thatin the 1X5 operating mode the firstdischarging phase
and second discharging phase may be inverted.

[0120] The person skilled in the art will further under-
stand that in the charge pump circuits of the invention,
any capacitor may to be replaced by an assembly of com-
ponents adapted to function as an indivisible capacitor
module in the sense of the invention. The assembly of
components may comprise a group of smaller capacitors
in series, in parallel, or even other electric or electronic
components such as transistors...

[0121] The invention is further related to a printed cir-
cuit board designed to enable the formation of a charge
pump circuit of the invention by combination with a chip
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with a charge pump module and with at least two fly ca-
pacitor modules (Fig.11A to Fig.11C).

[0122] Such PCB 110 then may comprise a receiving
space 111 adapted for mounting a chip. The receiving
space 111 has generally telltale signs of the planned ad-
dition of a chip. Such telltale signs may comprise multi-
ples pads grouped as needed for a chip. The PCB 111
comprises at least three conductive traces C1, C2, C3.
Each of the three conductive traces C1, C2, C3 is con-
nected to a pad P adapted to be connected to a chip pin
of the chip. A first conductive trace C1 connects a first
pad P1 to a pad P adapted to be connected to a chip pin
of the chip. A second conductive trace C2 connects a
second pad P2 to a pad P adapted to be connected to a
chip pin of the chip.

[0123] Further, a third conductive trace C3 connects a
common pad P3, adapted to be welded simultaneously
to two pins from two different components, to a pad P
adapted to be connected to a chip pin of the chip.
[0124] The common pad P3 may be connected with
the first pad P1 and with the second pad P2 by a first fly
capacitor Cfly1 and a second fly capacitor Cfly2 respec-
tively (Fig.11B).

[0125] In an alternative PCB, the main difference re-
lates to the shape of the third conductive trace C3
(Fig.11C). The third conductive trace C3 may comprise
afirst part C31 connected to a first common pad P31 and
a second part C32 connected to a second common pad
P32. The third conductive trace C3 is further connected
to a pad P adapted to be connected to a chip pin of the
chip.

[0126] The first common pad P31 is adapted to be
welded to a pin of a first component that is welded to the
first pad P1 by another pin. The second common pad
P32 is adapted to be welded to a pin of a second com-
ponent that is welded to the second pad P1 by another

pin.
[0127] Expressions such as "comprise", "include", "in-
corporate"”, "contain", "is" and "have" are to be construed

in a non-exclusive manner when interpreting the descrip-
tion and its associated claims, namely construed to allow
for other items or components which are not explicitly
defined also to be present. Reference to the singular is
also to be construed in be a reference to the plural and
vice versa.

[0128] While there has been illustrated and described
what are presently considered to be the preferred em-
bodiments of the present invention, it will be understood
by those skilled in the art that various other modifications
may be made, and equivalents may be substituted, with-
outdeparting fromthe true scope of the presentinvention.
Additionally, many modifications may be made to adapt
a particular situation to the teachings of the present in-
vention without departing from the central inventive con-
cept described herein. Furthermore, an embodiment of
the present invention may not include all of the features
described above. Therefore, it is intended that the
present invention not be limited to the particular embod-
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iments disclosed, but that the invention include all em-
bodiments falling within the scope of the appended
claims.

[0129] A person skilled in the art will readily appreciate
that various parameters disclosed in the description may
be modified and that various embodiments disclosed
and/or claimed may be combined without departing from
the scope of the invention.

[0130] It is stipulated that the reference signs in the
claims do not limit the scope of the claims, but are merely
inserted to enhance the legibility of the claims.

Claims
1. A Charge pump circuit (1), CP, circuit comprising:

an input terminal arranged to receive an input
voltage (Vdd),

an output terminal (5) arranged to output an out-
put voltage (Vout) and coupled to an intermedi-
ate node (Ni),

a ground terminal (4) arranged to receive a
ground voltage (GND),

a first fly capacitor module (21) with a first fly
capacitor (Cfly1) having a first pin (211) and a
second pin (212) and connected to the interme-
diate node (Ni); and,

a second fly capacitor module (22) with a first
fly capacitor (Cfly2) having a first pin (221) and
a second pin (222) and connected to the inter-
mediate node (Ni);

wherein each being adapted to successively
charge and discharge a the first fly capacitor and
the second fly capacitor, respectively,

wherein the second pin (212) of the first fly ca-
pacitor module (21) is connected to the first pin
(221) of the second fly capacitor module (22) by
a direct connection.

2. The CP circuit of claim 1, further comprising a filter
(23) arranged in series between the intermediate
node (Ni) and the output (5), said filter comprising at
least a tank capacitor module (Ctank).

3. The CPcircuit of any of one of claims 1 and 2, further
arranged to selectively operate according to either
one of three alternative operating modes, a 1X5
mode, a 2X mode, a 3X mode, each mode enabling
the CP circuit to output, at least in a discharging
phase, an output voltage which is 1.5, 2 or 3 times
the input voltage, respectively.

4. The CP circuit of any one of claims 1 to 3 wherein
the central node (Nc) is further connected to the input
of the CP circuit, the ground terminal (GND) and the
intermediate node (Ni), through respective switches
(T3, T4, T5).
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10.

20

The CP circuit of any one of claims 1 to 4, wherein
the first pin (211) of the first fly capacitor module (21)
is connected to the input of the CP circuit and to the
intermediate node (Ni) through respective switches
(T1, T2) and the second pin (222) of the second fly
capacitor module (22) is connected to the input of
the CP circuit and to the ground terminal (GND)
through respective switches (T6, T7).

The CP circuit of any one of claims 4 or 5, wherein
each of the switches (T1, T2, T3, T4, T5, T6, T7)
comprises at least one power MOS transistor.

The CP circuit of any one of the preceding claims,
further comprising a charge pump module (2) in a
chip (3), wherein the fly capacitors (Cfly1, Cfly2,
Ctank) are external to the chip and are connected to
the charge pump module through chip pins (B1, B2,
B3), wherein the charge pump module connects the
input terminal, and the ground terminal, to both fly
capacitors and wherein the second pin (212) of the
first fly capacitor module (21) and the first pin (221)
of the second fly capacitor module (22) are connect-
ed to the chip through one and the same chip pin
(B2).

The CP circuit of claim 7 wherein the fly capacitors
(Cfly1, Cfly2) and the chip (3) are positioned on a
printed circuit board, PCB (110), the second pin
(212) of the first fly capacitor module (21) and the
first pin (221) of the second fly capacitor module (22)
being welded on a same conductive pad (P3) of the
PCB, linked to a common conductive trace (C3)
which is welded to said chip pin (B2).

The CP circuit of claim 7 wherein the capacitors
(Cfly1, Cfly2, Ctank) and the chip (3) are positioned
on a printed circuit board, PCB (110), the second pin
(212) of the first fly capacitor module (21) and the
first pin (221) of the second fly capacitor module (22)
being welded on two different conductive pads (P31,
P32) of the PCB, linked to a common conductive
trace (C3) which is welded to said chip pin (B2).

The CP circuit of any one of claims 1 to 9, wherein
the CP circuit (1) is arranged to operate by switching
successively, with a given switching frequency and
a given duty cycle, between at least two configura-
tion, which comprises at least:

a) one configuration for charging at least one fly
capacitor module (21, 22), connected to the in-
put terminal through its first pin (211, 221), and
b) one configuration for discharging said fly ca-
pacitor module, said first pin being connected to
the intermediate node (Ni), the inputterminal be-
ing connected to the second pin of the capacitor
module.
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11. The CP circuit of claim 10 wherein the CP circuit is

arranged to operate by switching successively be-
tween three configurations, which comprises at
least :

al) one configuration for charging the first fly
capacitor module (21), connected to the input
terminal through its first pin (211) and connected
to the ground terminal (GND) through its second
pin (212), the input terminal being further con-
nected to the intermediate node (Ni), and

a2) one configuration for charging the second
fly capacitor module (22), directly connected to
the input terminal through its first pin (221), and
to the ground terminal (GND) through its second
pin (222), and

b) one configuration for discharging both fly ca-
pacitor modules (21, 22) in series, the second
pin of the second fly capacitor module being con-
nected to the input terminal and the first pin of
the first fly capacitor module being connected to
the intermediate node, said configuration being
operated after operating successively into both
a1l) and a2) configurations in any order.

12. The CP circuit of claim 10 wherein the CP circuit is

arranged to operate by switching successively be-
tween three configurations, which comprises at
least :

a) one configuration for charging both fly capac-
itor modules (21, 22) in series, the first pin (211)
of the first fly capacitor module (21) being con-
nected to the input terminal and the second pin
(222) of the second fly capacitor module (22)
being connected to the ground terminal (GND),
the input terminal being further connected to the
intermediate node (Ni), and

and, in any order:

b1) one configuration for discharging the first fly
capacitor module, its first pin being connected
to the intermediate node, and its second pin
(212) being connected to the input terminal, and
b2) one configuration for discharging the second
fly capacitor module, its second pin being con-
nected to the input terminal and its first pin (221)
being connected to the intermediate node.

13. Chip (3) comprising a charge pump module (2), ar-

ranged to form a CP (1) circuit according to any of
the precedent claims by connection to two fly capac-
itor modules (21, 22), comprising at least:

-achip pin designed to be connected to a supply
source with an input voltage,

- a chip pin for enabling a connection (4) to a
ground terminal (GND),

wherein the charge pump module is further con-
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nected to four chip pins:

- one chip pin arranged to output an output volt-
age from the CP,

- three chip pins (B1, B2, B3) arranged to con-
nect the two fly capacitors modules, by both of
their pins to the chip, wherein one chip pin (B3)
is arranged to be connected to one pin (212,
221) from both capacitor modules.

14. Printed circuit board, PCB (110), comprising at least

areception slot (111) for a chip (3) according to claim
13, and three conductive traces (C1, C2, C3), each
terminated by a different conductive pad (P) de-
signed to be welded to three different chip pin of the
chip respectively, the three conductive traces being
arranged so that:

- one trace (C1) connects one pin (211) of a first
capacitor module (21) to the conductive pad (P)
designed for a first chip pin (B1),

- one further trace (C2) connects one pin (222)
of a second capacitor module (22) to the con-
ductive pad (P) designed for a second chip pin
(B3), and further,

- one trace (C3) connects a second pin (211,
221) of both capacitor modules (21, 22) together
and further to the conductive pad (P) designed
for a third chip pin (B2), each capacitor module
comprising at least one capacitor (Cfly1, Cfly2).
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